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SYSTEMS FOR INTERCHIP COMMUNICATION 



BACKGROUND OF THE INVENTION 
TECHNICAL FIELD OF THE INVENTION 

The present invention relates to integrated circuits and, more particularly, to systems 
and circuits for communicating between integrated circuits. 
BACKGROUND ART: 

FIG. 1 illustrates a system 10 of integrated circuits including integrated circuits ICO, 
IC1, . . . ICn. The integrated circuits are connected through a bus 14. Integrated circuit ICO may 
be, but does not have to be, a controller to control IC1 ... ICn. The various integrated circuits 
may be the same or ICO may be different than IC1 ... ICn. System 10 may be a system that is 
referred to as multi-drop system in which one or more of integrated circuits IC1 ... ICn are 
selectively joined to bus 14. Merely as an example, system 10 may be a memory system in 
which controller ICO is a memory controller (either part of a processor chip or in a different 
chip from the processor) and in which integrated circuits IC1 ... ICn are, for example, dynamic 
random access memory (DRAM) chips that are on one or more printed circuit boards (PCBs). 
They could also be in a multi-processor system. 

A voltage source Vs in ICO provides signals to bus 14. A termination resistor Rs is in 
ICO. This is referred to as series termination. Termination resistor Rs may be an actual resistor 
in ICO or may be inherent in ICO. 

Address, data, and control bits on bus 14 may be on separate conductors of bus 14 or 
they may be, for example, time division multiplexed or packetized. For example, bus 14 may 
include some conductors used to carry only address bits, some conductors used only to carry 
only control bits, and some conductors used to carry only data bits. Or, some conductors may 
be used to transmit some combination of address, control, and/or data bits at different times or 
through a packetized or arrangement. 

FIG. 2 illustrates a system 20 including integrated circuits ICO, IC1, . . . ICn. The 
integrated circuits are connected through bus 24. ICO may be a controller to control the other 
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integrated circuits and can be the same as or different than ICO . . . ICn. FIG. 2 includes a 
termination resistor Rt which is on a PCB, which may be the PCB to which IC1 . . . ICn are 
connected or may be on another PCB. The termination arrangement of FIG. 2 is referred to as 
parallel termination. 

5 FIG. 3 illustrates a system 30 including integrated circuits ICO, IC1, ... ICn. The 

integrated circuits are connected through bus 34. ICO may be a controller to control the other 
integrated circuits and can be the same as or different than ICO . . . ICn. FIG. 3 includes a 
termination resistor Rs in ICO and a termination resistor Rt which is on a PCB, which may be 
the PCB to which IC1 ... ICn are connected or may be on another PCB. The termination 
10 arrangement of FIG. 3 is referred to as series parallel termination. 

Bi-directional signaling refers to using the same conductors to transmit signals in both 
aa& directions. For example, data may be transmitted either to or from an integrated circuit. If the 
yj same conductor is used in both directions, the signaling is bi-directional. The bi-directional 
rL signaling may be sequential or simultaneous. In the case of sequential bi-directional signaling, 
ljff enable signals may be used to, for example, tri-state or turnoff unused drivers or receivers. In 
Lu the case of simultaneous bi-directional signaling, the threshold voltage of the receiver may be 
s changed depending on the state of the adjacent driver. For example, if the adjacent driver is 

:~ transmitting a 0, the receiver threshold may be set to Vcc/4. If the remote driver is also 0, the 
FU threshold will not be met. If the remote driver is a 1, the Vcc/4 threshold will be met. If the 
|gj adjacent driver is also transmitting a 1, the receiver threshold may be set to 3 Vcc/4. If the 
f== remote driver transmits a 1, the threshold will be met and if it transmits a 0, the threshold will 
not be met. 
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BRIEF DESCRPTION OF THE DRAWINGS 

The invention will be understood more fully from the detailed description given below 
and from the accompanying drawings of embodiments of the invention which, however, should 
not be taken to limit the invention to the specific embodiments described, but are for 
explanation and understanding only. 

FIG. 1 is a block diagram representation of a prior art system having multiple integrated 
circuits with a series termination in ICO. 

FIG. 2 is a block diagram representation of a prior art system having multiple integrated 
circuits with parallel termination. 

FIG. 3 is a block diagram representation of a prior art system having multiple integrated 
circuits with series parallel termination. 

FIG. 4 is a block diagram representation of a system having series parallel termination 
with a terminating resistor being in the integrated circuits according to some embodiments of 
the invention. 

FIG. 5 illustrates a variation of the system of FIG. 4 in which the terminating resistor is 
in the packaging of integrated circuit IC1 according to some embodiments of the invention. 

FIG. 6 is a block diagram representation of a system with differential signaling 
according to some embodiments of the invention. 

FIG. 7 is a block diagram representation of a system with pseudo differential signaling 
according to some embodiments of the invention. 

FIG. 8 is a block diagram representation of further detail of some embodiments of FIG. 

7. 

FIG. 9 is a block diagram representation of a complete ring system using point-to-point 
buses according to some embodiments of the invention. 

FIG. 10 is a block diagram representation of a truncated ring system using point-to-point 
buses according to some embodiments of the invention. 

FIG. 1 1 is a block diagram representation of a pseudo-ring system using point-to-point 
buses according to some embodiments of the invention. 
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FIG. Yl is a block diagram representation of a multidimensional ring system using 
point-to-point buses according to some embodiments of the invention. 

FIG. 13 is a block diagram representation of a multidimensional ring system using 
point-to-point buses according to some embodiments of the invention. 

Detailed Description 

The present invention involves to systems and circuits for communicating between 
integrated circuits. 

FIG. 4 illustrates a system 40 with a bus 44 similar to the prior art systems of FIGS. 1 
and 3, except that the termination resistors Rt are in integrated circuits IC1 . . . ICn in a series 
parallel relationship. In alternative arrangements, the termination resistor Rt might be in only 
on of integrated circuits IC1 ... ICn. Also, integrated circuit ICO may not include termination 
resistor Rs as in FIG. 2. IC1 . . . ICn in FIG. 4 and in the other figures of this disclosure may be 
a variety of types of integrated circuits including, for examples, processors, memory devices, 
communications devices etc. Integrated circuit ICO may be, for example, a controller of the IC1 
. . . ICn and may be the same as or different than IC1 ... ICn. Merely as examples, ICO may be a 
bridge in a chipset or a memory controller. Alternatively, as mentioned, integrated circuit ICO 
may be one of several identical chips of which IC1 ... ICn are others. Bus 44 includes multiple 
conductors and there would be a different terminating resistor for each conductor in bus 44. 
Accordingly, resistors Rs and Rt actual each represents multiple resistors connected to different 
conductors on bus 44. Resistor Rs and Rt can be formed in any of various ways including well 
known ways. 

FIG. 5 illustrates an alternative arrangement in which the termination resistor Rt is in 
the packaging of IC1 rather than in the chip itself. The same may be true of ICn. 

Termination on the die or package may lower overall cost. Signal energy is consumed 
(in the termination resistor) closer to in the input. Accordingly, there may be better signal 
integrity. Termination on the die or package may provide better performance and higher 
frequency of operation. Termination on the die or package may improve other schemes such as 
simultaneous bi-directional signals. 
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FIG. 6 illustrates a system 60 having a bus 64 which includes a first set of conductors 66 
and a second set of conductors 66*. System 60 is generally similar to those of FIGS. 1-4 except 
bus 64 carries at least some of its signals differentially. Signals S are carried on conductors 66 
and signals S* are carried on conductors 66*, where signals S* are compliments of respective 
5 counterparts of signals S. Differential receivers 68-1 ... 68-n convert the signals S and S* to 

signal ended signals for use in integrated circuits CI and Cn. Resistors Rs and Rs* each 
represent multiple resistors. System 60 may employ any of the termination schemes of FIGS. 1- 
5. 

FIG. 7 illustrates a system 70 having a bus 74, including conductors 74-1 .... 74-n. 
10 Signals SI ... Sn are carried on conductors 74-1 ... 74-n. Resistors Rsl ... Rsn are coupled to 
conductors 74-1 . . . 74-n, but system 70 could employ any of the termination schemes of FIGS. 
f=i . 1-5. System 70 may be generally similar to system 60 except that system 70 employs a pseudo- 
%3 differential signally scheme, whereas system 60 has a fully differential system. More 

particularly, at least some of signals SI ... Sn on conductors 74-1 ... 74-n have the same 
\M reference signal, which is the reference signal on conductor(s) 78. 

Ul An example of this is illustrated in FIG. 8, which shows details of a portion of some 

= embodiments of system 70 of FIG. 7. Referring to FIG. 8, integrated circuit CO includes drivers 

rn Dl ... Dn and integrated circuit CI includes receivers Rl ... Rn. Conductor 74-1 is coupled 
j~ between driver Dl and receiver Rl, and conductor 74-n is coupled between driver Dn and 
IB receiver Rn. Receivers Rl and Rn use the reference signal on conductor 78 as a reference. 

Rather than use the same reference conductor for every one of receivers Rl . . . Rn, there 
may be a different conductor 78 for every Nth drivers and receivers. 

A system like that of FIG. 7 could also include some fully differential and/or signal 
ended signaling. 

25 Advantages of the system of FIGS. 6-8 may include that since the signaling is 

differential, it rejects common mode noise, improving signal to noise ratios allowing higher 
performance (higher frequency). The pseudo differential signaling scheme of FIG. 7 retains 
most of the benefits of fully differential signaling yet reduces the number of pins and wires, 
hence reducing cost. The signals described herein may be rail to rail (i.e., from ground 
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potential to full supply voltage) or they may employ low voltage swings. The low voltage 
swing signals reduce power consumption. Differential and pseudo differential signaling make 
low voltage swing signaling more practical. 

The prior art systems include multi-drop, stubbed bus systems, where a common bus is 
shared between chips and a controller. This prior art typology is called a star topology. 

Various ring topologies have also been developed. FIG. 9 illustrates a system 90 having 
integrated circuits ICO, IC1, IC2 . . . ICn which form a complete ring through point-to-point 
busses 90-0, 90-1, 90-2 ... 90-n. Integrated circuit ICO may be the same as IC1, IC2 ... ICn or 
it could be a different device, such as a controller for them (e.g., a case in which ICO is a 
memory controller and IC1, IC2 . . . ICn are DRAM devices). System 90 may be a multi- 
processor system. The buses may be unidirectional or bi-directional, and conductors in the 
buses may be single ended, fully differential, and/or pseudo differential. 

FIG. 10 illustrates a system 100 which is a truncated ring including integrated circuits 
ICO, IC1 ... ICn-1, and ICn connected through buses 100-0, 100-1, ... 100-n-l, and 100-n. In a 
truncated ring, the ring is allowed to stay open to allow future expansion of the system by 
adding more integrated circuits and optionally closing the ring. At least until the ring is closed 
through inclusion of additional integrated circuits, the integrated circuits immediately next to 
truncation region 104 can communicate only in the direction opposite truncation region 104. 
Accordingly, at least busses 100-1 and 100-n-l are bi-directional while the ring is open. In 
some embodiments, all chips communicate bi-directionally. In other embodiments, chips 
communicate unidirectional as much as possible. Other embodiments may include a 
combination of unidirectional and bi-directional signaling. 

The rings may be physical, this is, created by conductors explicitly as shown in FIGS. 9, 
10, 12, and 13, or may be created implicitly by using bi-directional signaling technology. For 
example, FIG. 1 1 illustrates a system 1 10 having integrated circuits ICO, IC1 ... ICn coupled 
through buses 110-0, 110-1, etc. In the case of system 100, the physical bus is not a ring, but 
through bi-directional signally, a pseudo-ring can be created by dataflow in either direction. 

The concept of the one dimensional ring of FIGS. 9, 10, and 1 1 can be taken further as 
illustrated in FIG. 12. In FIG. 12, a system 120 is an n X m two-dimensional torus including 
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integrated circuits IC11,IC 12 ... ICln, IC21, IC22 ....IC2n, ICml, ICm2 ... Icmn. In the 
embodiments of FIG. 12, ICO is a controller, such as a memory controller for memory devices 
or a chipset bridge for a multiprocessor system. Buses 120-10, 120-1 1, 120-12 . . . 120-ln form 
a ring for integrated circuits ICO, IC11,IC12 ... ICln. Buses 120-20, 120-21, 120-22 ... 120- 
2n form a ring for integrated circuits ICO, IC21JC22 ... IC2n. Buses 120-10, 120-11, 120-12 
... 120-ln form a ring for integrated circuits ICO, IC11, IC12 ... ICln. Buses 124-1 provide 
communication between integrated circuits IC11 and ICml. Buses 124-2 provide 
communication between integrated circuits IC12 and ICm2. Buses 124-n provide 
communication between integrated circuits ICln and Icmn. 

Additional buses may be added to the two dimensional torus of system 120 to allow 
additional direct communication. System 120 could be expanded to a three dimensional cube, a 
four dimensional hypercube, etc. Toruses and other multidimensional topologies may be 
truncated (see FIG. 10). The pseudo-ring of FIG. 1 1 can be implemented in the 
multidimensional rings of, for example, FIGS. 12 and 13. That is, the systems 120 and 130 of 
FIGS. 12 and 13 can be modified so that rather than include some or all of buses 124-1, 124-2 
... 124-n and buses 120-ln, 120-2n ... 120-mn, they act as pseudo rings like FIG. 11. 

FIG. 13 is similar to FIG. 12 except that system 130 of FIG. 13 does not include 
controller ICO. 

Rings and multidimensional topologies (including toruses) may include the following 
advantages. In the ring alone, the average latency to/from a chip may be reduced by half. In the 
case of multidimensional topologies, the latency may be reduced even further. Truncating a 
ring or multidimensional ring (see FIG. 10) allows for future expansion. 

The systems of FIG. 6-13 could have various terminal resistance schemes including 
those shown in FIGS. 1-5. 

Systems illustrated as multidrop systems but could be implemented as point-to-point 
systems and systems illustrated as point-to-point system could be implemented multidrop 
systems. 
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It is expected that in actual implementations, there would be additional circuitry not 
illustrated such as circuitry which is commonly used in integrated circuit interfaces(e.g., 
electrostatic discharge circuits). 

Reference in the specification to "an embodiment," "one embodiment," "some 
embodiments," or "other embodiments" means that a particular feature, structure, or 
characteristic described in connection with the embodiments is included in at least some 
embodiments, but not necessarily all embodiments, of the invention. The various appearances 
"an embodiment," "one embodiment," or "some embodiments" are not necessarily all referring 
to the same embodiments. 

If the specification states a component, feature, structure, or characteristic "may", 
"might", or "could" be included, that particular component, feature, structure, or characteristic 
is not required to be included. If the specification or claim refers to "a" or "an" element, that 
does not mean there is only one of the element. If the specification or claims refer to "an 
additional" element, that does not preclude there being more than one of the additional element. 

Those skilled in the art having the benefit of this disclosure will appreciate that many 
other variations from the foregoing description and drawings may be made within the scope of 
the present invention. Accordingly, it is the following claims including any amendments 
thereto that define the scope of the invention. 
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